The selection of an appropriate investment option is one of the key components of corporate success. Project selection includes the evaluation of proposed projects in order to accept those that will contribute to achieving an organization's objectives. The goal of this paper is to demonstrate the potential benefits of using the Monte Carlo simulation during the project evaluation process. The literature review provides insights into the benefits and drawbacks of various numerical and non-numerical models for project evaluation, as well as the key features of Monte Carlo simulations that can make this process easier. A practical application of the Monte Carlo simulation in the project evaluation process is presented using the Net Present Value (NPV) method, one of the most commonly used numeric selection models, in a well-known software environment. The proposed simulation approach proved to be useful, applicable and adaptable in the project evaluation process, especially when it comes to projects with high risk and uncertain returns.
INTRODUCTION
One of the hardest decisions that corporate managers face is choosing between different investment options. Some of the factors that contribute to the importance of such decisions are: increased competitiveness between businesses, well informed and demanding customers, increasing demand for customized products/services and the requirements of worldwide markets. Therefore, managers, academicians and researchers place a greater focus on the project selection process, as well as on the profitability of realized projects. An efficient project selection process is of the utmost importance, especially considering uncertainties, risks, constraints, project size and the complexity and uniqueness of contemporary projects. To be efficient, business entities and organizations must improve the project selection process by using multiple criteria and objectives and considering constraining factors such time, budget, number of employees, etc. In addition, the selected project has to be able to create economic value and a competitive advantage for the business entity in question.
As there are no sufficient resources to fund all proposed projects, it is vital to select the project that will be the most profitable. In order to secure maximum profits for selected projects, the selection process should use consistent criteria that will be in line with the organization's business strategies and goals.
1 Different methods and tools could be used to establish an appropriate project selection process. First, this paper will address different methods of project selection and the potential role of Monte Carlo simulations in this process. Next, an economic-probabilistic model for project evaluation will be presented, which assesses the financial return and the impact of uncertainties involved in the execution of a project. Before the closing remarks, some information with regard to the benefits and drawbacks that such a simulation model can provide will be provided.
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THEORETICAL BACKGROUND
As noted before, the process of selection and prioritization of projects is a strategic decision-making problem. It is very complex and usually characterized by multiple objectives which could be conflicting and difficult to measure. On the other hand, the information available to decision makers is usually incomplete and sometimes subjective in nature. Gorrod (2003) and Hubbard (2014) argue that the uncertainty associated with a course of action generates opportunities for loss, gain, or variation concerning desired or planned results.
234 Therefore, it is very important to clearly define the criteria and methods to be used by organisations in order to provide support for the decision-making process.
There are number of studies in existing literature that deal with project selection and prioritization. 5678 However, there is a wide range of criteria implanted and no consensus on which of them should be used. Naturally, each business entity should select a set of criteria that suits the type of organisation and its chosen goals and objectives the most. It is important to note that inappropriate selection of criteria can cause a failure to achieve a business organisation's goals and shareholders' objectives. 9 The following part of this paper presents some of the most common project evaluation models and the benefits of using the Monte Carlo simulation in the project management and evaluation process.
Project selection models
In order to address the previously stated issues, organisations can use different models. Namely, by using models, organisations can analyse and distinguish the problem from the mass of details in which the problem is embedded; therefore, they can model the problem. This will lead to increased profits, efficient use of scarce resources, and an improvement in the market position. Organizations usually choose between numeric and non-numeric project selection models, or they can use combinations of the two. 10 Although both criteria can be useful, numeric models are more focused on profitability. On the other hand, non-numeric models were used first and are much simpler than numeric models.
These models usually use subjective approaches, such as the "sacred cow" model, where the project is suggested by a senior or powerful official in the organization. The project is "sacred" in the sense that it will be maintained until successfully completed, or until the boss personally, recognizes the idea as a failure and terminates it. Other non-numeric approaches can be driven by necessity, when the project is required in order to keep a system operating, or the decision to undertake the project was based on a desire to maintain the company's competitive position in the market.
Regarding models that use profitability as the only parameter for selection, there are several methods available. The first is the Payback Period method, which shows how much time is needed to recover the initial fixed investment in the project using estimated annual net cash inflows from the project. The drawback of this method is that it ignores any cash inflows in the period after the payback period. Also, this method does not account for the time value of money. The Discounted Cash Flow or Net Present Value method overcomes this issue through the calculation of the Net Present Value (NPV) of all future cash flows and discounting them by a selected rate of return:
where N t = the net cash flow in period t r = the required rate of return, and I 0 = the initial cash investment (negative, since it is an outflow) In order to include the impact of inflation or deflation, p t is introduced as the predicted rate of inflation during period t:
Another method, similar to NPV, is the Internal Rate of Return (IRV) method, which is a discount rate that compares the present values of total cash inflows and outflows. Basically, it is a discount rate at which Net Present Value (NPV) equals zero. Furthermore, if all the projected cash flows are divided and that sum is divided by the initial cash investment, the Profitability Index could be calculated. Naturally, all projects with a ratio higher than one using this metric should be accepted. Besides the aforementioned models, there are many other models that focus on different aspects 
(1)
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Evaluation and risk of project selection, like risk and uncertainty, the structure of cash flows and the connection between analyzed projects. In order to overcome some of the drawbacks of profitability models, especially their focus on a single decision criterion, a number of selection models that use multiple criteria to evaluate a project have been developed. Such models are known as scoring models and may vary widely in their complexity and information requirements. Therefore, different forms of scoring models can be used for different purposes, such as the Unweighted Factor Model (0-1), the Unweighted Factor Scoring Model, the Weighted Factor Scoring Model and others.
The methods explained here are the most commonly used methods in practice. Ross et al. (2008) provides a more detailed overview of almost all of the profitability methods.
11
Also, Cooper et al. (2001) studied and presented methods which are most frequently used in practical settings, as well as ones which prevail in the decision-making process.
12 The results of the aforementioned studies show that financial methods perform better, especially when used together with other methods. Therefore, it can be concluded that the best models are in fact hybrid models, since they exploit benefits from both the numerical and non-numerical models.
The use of the Monte Carlo simulation in project management
Monte Carlo simulations have been used for decades and have been successfully applied in the areas of biology, engineering, computer science, meteorology, geophysics, public studies, and finance. In project management they are mostly used for cost and time management in order to measure the level of risk that a project involves. 13 This can be conducive to determining total costs, project duration and completion date.
14 Therefore, the Monte Carlo simulation can also be used in the project selection process in order to provide estimates of total costs and project completion time. Information about both factors impact the quality of project selection decision-making.
In time management, project managers define the probability distribution function of the duration of each project activity in order to provide better estimations. 15 Since it is impossible to determine the exact time necessary for an 11 Ross, S. A., Westerfield, R., & Jordan, B. D. (2008) activity to be completed, project managers usually use a three-point estimate, with most-likely, best and worst case scenarios. Afterwards, these estimates are fitted to a duration probability distribution, such as a normal, Beta, or triangular distribution. Probability distributions should be made using historical data regarding certain characteristics of completed activities in the past. As a result, the Monte Carlo simulation provides project managers with information regarding the probability of completing a project on a certain date. Different types of project management software could be used for this type of simulation.
A similar approach to time management can be applied to project cost management. The difference would be assigning a probability distribution to the project costs, instead of the duration of activities. Once again, these data should be provided by accounting or cost experts. 16 Instead of total project duration, the Monte Carlo simulation applied to cost management would result in an estimation of the total cost of a final project. The amount calculated will be used for estimation of additional reserves or used in case of risk events and unplanned circumstances. This paper will focus on the use of Monte Carlo simulations in the project selection process, combining it with one of the most common numeric selection models -Net Present Value. Smith (1994) suggested replacing estimates of net cash flow for each period with probability distributions for each factor that affects the amount of net cash flow.
17 As a result, project managers can acquire the distribution of possible NPV instead of a single value. With the increase in computing power and development of easy-to-use environments, this idea is becoming increasingly important, and it seems that it deserves more attention. Therefore, the following section considers some of the key benefits and drawbacks of such an approach using a fictive case study.
APPLICATION OF THE MONTE CARLO SIMULATION TO PROJECT SELECTION
It is impossible to completely remove uncertainty from the process of project selection. However, project managers can use the Monte Carlo simulation to describe ambiguity or uncertainties and provide themselves with additional perspectives. According to Meredith and Mantel (2011) 
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Evaluation and risk which allows decisions to be presented by a mathematical model. For the purpose of illustration, authors decided to use Oracle Crystal Ball, an add-on for the well-known and widely used program Microsoft Excel.
In order to demonstrate the application of Monte Carlo simulations in the project selection process, the fictive project cash flows is used and NPV calculation provided in Table 1 . The estimated project completion time is 12 years, and the cash outflows or costs are supposedly fixed, due to a contract with a services supplier or subcontractor. However, cash inflows are not fixed and they may vary throughout the project execution period. Since cash inflows can vary during project execution, these variables are presented in three scenarios: most-likely, pessimistic and optimistic. Therefore, there can be a difference in the net cash flows, which leads to higher uncertainty regarding the profitability of the project. The discount factor is set at 12 percent by corporate managers.
As shown in Table 2 , the estimates cover the period from 2020 to 2028, since those are the periods in which a project will earn cash. The first step of data pre-processing is the definition of model assumptions for each independent variable. This includes the selection of a presumed distribution for each input, which will result in a certain distribution of outcomes. These will be used to assess the highest value projects of those available, including other relevant factors that could be important for project realisation. In order to model inflows with three scenarios, beta or triangular statistical distributions could be used. For all inflows authors decided to use BetaPERT distribution, a special case of beta distribution which, unlike the triangular distribution, creates a smooth curve that fits normal or lognormal distributions well.
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The second independent variable is the rate of inflation and it is assumed it would be 2.5 percent with a normal distribution and a range from 1.75 to 3.25 (± 0.75 percent). In order to include 99 percent of the data, the mean was defined as 2.5 percent with a standard deviation of 0.25 percent (one third of 0.75 percent) for each year. After defining the variables related to varying outflows and inflation rates, the last variable that needs to be defined is the outcome or dependant variable. This variable is given as a formula which uses data from the assumption cells on which it depends, and in our case, it represents net present value of the forecasted cash flows.
Based on the predefined probability distributions for inflows and the rate of inflation, the Crystal Ball simulation software selects a value for each assumption and calculates Net Present Value. By repeating this process thousands of times, it is possible to define the probability distribution of the outcome. Simulation software can represent the results in many different forms, and the most common is a frequency or cumulative frequency chart that changes every time a simulation is performed. Figure 1 presents the frequency chart for our project after 1,000 repetitions. Table 1 shows that the single point estimate of NPV, calculated with the most-likely inflows, was positive (16, 892) . Based on this information the project seems to be profitable. On the other hand, the frequency chart showed several negative outcomes at or below the discount rate, which came as a result of pessimistic scenarios. One of the benefits of the Monte Carlo simulation is its ability to show the probability of achieving certain outcomes. As can be seen from the illustration, in this case the probability of obtaining NPV≥0 is 96.21 percent. In other words, with given estimates and assumptions of inflows and inflation rate, there is a 0.95+ probability that project will perform at or above 12 percent discount rate. The summary statistics in table 2 provide useful additional information for decision makers. The mean and median of the outcome are positive and significantly above the discount rate. Since decision makers are usually uncertain about some assumptions it is possible to observe how different levels of uncertainty impact the forecasted value of the outcome. Therefore, it is very simple to alter the level of uncertainty of independent variables. This can be done by changing the inflation rate, contracting or expanding the range between optimistic and pessimistic values or the distance between these values and the most likely estimate. Running simulations with different scenarios can illustrate how sensitive and significant input data is.
It is obvious that an accurate estimation of cash flows is the key precondition for obtaining useful results, and this estimation is usually very difficult. If the investment includes new technology or the introduction of new processes, it is essential to perform detailed cost, time, and risk analyses which should result in most-likely, best case and worst scenarios. In this way, decision makers can have the main factors that cause uncertainty in cash flow distributions at their disposal.
Decision makers should use Monte Carlo simulations with caution, because in certain situations they can be misleading and lead to false conclusions. This is most often related to insufficient historical data to define adequate assumptions about variables and probability distributions. Even in cases where there is enough historical information to define three scenarios and necessary distributions of cost and time, it does not mean these will correspond to real time execution. Therefore, project managers and other decision makers should monitor the situation in order to react to any unsuspected events.
CONCLUSION
This article presented a numeric approach for selecting and prioritizing projects using the NPV method supported by Monte Carlo simulations. Besides the theoretical foundation of modelling and simulating the project selection process, a simple case study approach illustrated the principles involved in the simulation of NPV. The Simulation using the Oracle add-on for Excel demonstrated the use of a practical tool within a commercial spreadsheet that decision makers can use in the process of project evaluation and risk analysis. Besides the benefits of a familiar environment for most decision makers, the application demonstrated that analysis is performed quickly and in a format, that enables decision making, even with a modest knowledge of statistics. The application confirmed that a simulation approach can successfully deal with uncertain cash flows in the project evaluation process. However, the simplicity of the suggested approach has its certain number of drawbacks that corporate managers should also take into account. Most of cash flows are based on a number of uncertain and dynamic factors, such as market share, market growth, sales, unit cost and product price. Therefore, the decision maker has to use as much available data as possible and treat the results of simulations with caution. The proposed approach enables different scenario analyses, so it is possible to produce reliable results by using a different number of complex models that better reflect reality. Most of the earlier studies confirmed that managers are familiar with the Monte Carlo simulation as a form of project risk analysis, although just small number of them are willing to use it. The main reason for this is a lack of required statistical knowledge and the use of specialized computer applications. As this study showed, introduction to user-friendly environments and increased computer power means that the Monte Carlo simulation can be combined with other approaches easily, and used widely and expediently by most decision makers.
LITERATURE

